10

15

20

25

DOWNHOLE TOOL W TH SLI P RELEASI NG MECHANI SM CROSS
REFERENCE TO RELATED APPLI CATI ON Thi s
application clains the priority of U S. Pravisional
W‘A%ﬁ?’P”’éé%ﬂ'i on No. 60/859,140 filed on Novenber 2007023792
2006, the disclosure of which is incorporated herein

ThThe. pr eSent LNk e U bas Mol & 1001 S or
anchor!ong a porﬁ%@ﬁﬁ%%éﬁ@%l |. More

cRBSaRErERENGE SDRELETEDIARELIERTHRN. uterr st o

hanging a liner in a well, and to an inmproved slip
reﬂg\aﬁs ianglicationaeiaienm e wriantyhef HohwnRevisiansh|Appligation No.
BACKGROUND OF THE | NVENTI ON Vari ous types of
60/85Rhb filedt o Nsvempben §5,52006s tiwhdistloswpanfdvinait isainbgrporated
outward to engage the interior of a downhol e tubular, -
hertindyabieremeior alyputpostsol in the well. Various types
of slip nechani sns have been used for this purpose,
with slips conventionally having outer teeth which
bite into the inner surface of 20 the downhol e

FIEL Byt sy MvEeHDN the tool in the well.

- The present invention relates to downhole tools for anchoring a portion of
the tool in a well. More particularly, the present invention relates to a downhole
tool such as a liner hanger -assembly for hanging a liner in a well, and fo an

improved slip reieésing mechanism within the downhole tool.

BACKGROUND OF THE INVENTICN

Various types of downhole tools employ‘éiips which expand radially
outward to engage the interior of a downholé tubular, thereby securing the tool in
the well. Various types of slip mechanisms have been used for this purpose,
with siips conventionally having outer teeth which bite into the inner surface of
the downhole tubular to-seCL-lre- fhe tocﬁ in the well.

One of the significant problems with downhole tools having slip
mechanisms is that the slip mechanism may be inadvertently actuated before
actuation is intended, in which case the slip or slips may radiélly expand and
engage the tubﬁlar. Ii may then be difficult or practically impossible in some

insfances to break the connection between the downhole tool and the tubular,
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One of the significant problens with downhol e tools
having slip nechanisns is that the slip nechani sm may
be inadvertently actuated before actuation is

WO RROBAWAY, in which case the slip or slips /52007023792
radi ally expand and engage the tubular. It may then

andogcabirdihgig uhé tadl canast b abdily retreosditdbtiee sunfaveirespifired, and
i nstances to break the connecti on between the

theﬁ%é@iﬂ%%s&ﬂ@él irA® ¢he We(L.t WosthaF instaéds, the slip may be expanded
8/ 076189PCT/ 1152007/ 023792 and accordingly t

whérP e ?c?dgrié) % Pﬁéﬁéd ¥olhhdtk estio %n ghf‘mez H‘iﬁrﬁﬁlﬁe{rc’[ise tool

repal re en agal n relrnser

corf RS R, o A B e o

runni ng tool/set tool connection cannot be reliably

- canpgl ke styned o theguiace retri evabl e portion of the t ool

5 cannot be returned to the surface.
Patbft Patente 8,996:05nand) 4281, 7t 1digelase aslines hlai"ﬁ%fr assembly
hanger assenbly for hanging a liner in a well. A
for hamging laalinge rin aswelhblAyllna; hahger assspildy ésdalsn discised in U.S.
Patent 6,739,398. The '398 patent discloses a tool
Patéhtes, 788,308 Tha o3espatent gisclesdsoa kot that nelies|uppa sheanpins to
prematurely releasing while the tool is run in the
keeBahe slip¥frb@ prematurely releasing while the tool is run in the hole. While

-' pushing on the running tool may not release the slip accidentally, if debris. were

to build up around the tieback or other components of the liner hanger and the
operator then pushed or pulled on the {ool, the shear pins may shear and

thereby release the slip. Tools that allow axial forces to be transmitted to the tool

~through the running string to shear pins and release the slip may thus

inadvertently be actuated when running the tool to the desired depth in the well.
U.s. Pate-ntsr4,7‘¥2,614, 4,663,743, 4,311,194 and 4,287,949 alsorre]y on
shear pins to keep from releasing thé slips. U.S. Patent 5,318,131 is another
example of the downhole tool using shear pins to prevent release of slips.
Downhole tools with shear pins to keep the slip in the retracted position while
running the tool in the hole generally have exposed hydrauiic'actuation ports. If
debris builds up around the tool while trippiﬁg into the hole, the dragging a.ction

could shear the pins, in which case the slip will set and thereby prevent the tool



10 pushing on the running tool may not release the

slip accidentally, if debris were to build up around

the tieback or- other conmponents of the |iner hanger

and the operator then pushed or pulled on the tool,

t he shear pins may shear and thereby rel ease the

slip. Tools that allow axial forces to be transmtted
frdno befirgy tpositiohéa aigits desiredinodatignsinr thegwedl. $iwassegd hgdraulic

and release the slip.may thus 15 i nadvertently be
PrERUR T TPR FPYSTHIPIRITY IR EBEIUIBY SR8l desi 1 ed dept h

i N trAe diddvantages of thé PrioPat afd svdrcéme Bl the present invention,

4,603,743, 4,311,194 and 4,287,949 also rely on shear
angi adinep hapggr mithnan éﬁ’@é@,\(eﬁfg sliméelepsipg . mechanigyt npereinafter
distlosefl: 131 is another exanple of the downhole tool

usi ng shear pins to prevent rel ease of slips.

Downhol e tools with shear pins to keep the slip in

I hd while 20 running the tool in

Sqlﬂ@%ﬁ Qﬁﬁgrlgﬁﬁyfﬁg\&e exposed hydraul i c actuation

por As_cofdfr]gllmbmeﬁ aﬂtr)]éc%tdﬁ thep irﬂrgnﬂmi. thee isombvided |fr(‘junning tool

tripping ipto the hole, the draggi action.co .
forgleBRirgia i f SO o o SEHEPY Gl tShe i and for
préVeatied Yhed prneatlird BetubBEH of ﬂk@’ﬁ?b@brﬂﬁriﬂﬁé! 4 t@4198aridrel having

its desired location in the well. Increased hydraulic
a ogls Ripwdingy fids ocmamgaicaken pbatwveaes @ eininde| siring in  fluid
coRston,yt 1 RO hERn S LA BblqrEbisono
marnher fancipspg eifdtie glorfpwhen trestonbisrran rathieswell,sand for selectively

r o naf di ' . RY . THE, | NVE ON
onRhG R s 1o sR I g 30 S oREs G vdpbh A b Bliygrd of the
ma@ﬁmliaiﬂob)ﬁaltgun?mtgetrelativé ﬁ{ﬂ'{jeelh’laﬂ@ﬂenﬂi iﬁalf)éédt)tl'?bcs" ; a locking

secure a o be supported in a we e sl
mefmRPrtIBF 25iALY SREVHRS (ke Sl EolRnth BeleRsiaicialivedp hRanandrel to
prevehP reRATP! H84INEHovanie?®! ofMBRALED REsiHY Fne@BEL and thereby

providing fluid comunicati on between a running )
preyepting RremEturedseldraueh ke i, \Whe hlogking niembsyr  being haxially

secgﬂgﬁgiﬁerhlaﬂog t@ﬁea@%ga}é[ OheRitRL Ahnify gﬁﬁ%mﬁnf{ﬁml- and the

r closing o port when _ s run 1n the
actueling psteh fixialls sioyeablealvigh ogspechty thectopbmiande! sdtent the port

. i.0D: [ e Si . menber, radi al | out,war f the

s Guoifhifo AsePabde iR IR b Meringr o tedasy i M g sbl' the

wello rel ease the slip; a |locking nenber for axially
securing the slip rel ease nper relative to the .
nayfk&?fargws tﬁrw@?ﬁr F50est PO?%W%N%J@%I& RspVided a running

toob L‘drﬂoél@h@%ﬁélﬂﬁin@?@@ﬁce@(‘@ﬁah{é@éﬁ@dsiﬁﬁrﬁ%_@h'rﬂﬁnirr:g‘the tool into

- premature setting of the slip, the |ocking nenber

thepwelh gndxipa selpctilyirelgrsing dhatslipdotove sadiali peiwaid da a set
k i Qal i ' | . ' o

podh LB o Kok NGt oA el comeppo =

mandiel hasingr 2 thrabigh palssag far fildd cpermechicatioh weth gagiatdrioe of a

runb\&%rétﬂgg;@rggﬁi{i@gél gli;%gélggsslﬁg%ﬁgﬁér&%&k@lﬁoﬁw%ﬁéﬂﬁe mandrel
and axiai moRablehelktivé $o teavibfeR fo falvdsentBetsip] a faeking member
|l ocking a slip in a reduced di aneter position when
running the tool into the well and for selectively
releasing the slip to nove radially outward to a set
position for suspending a body supported by the slip
in the well, conprising: admandrel having a through
passage for fluid comunication with an intellor of a
running string; providing a slip rel easing nenber
radially outward of the mandrel and axially novable
relative to the mandrel to release the slip; a
| ocki ng nmenber



axially securing the slip releasing nenber relative
to the mandrel to prevent rel ative axial novenent and
retain the slip in a reduced diameter position when
the tool is runin the well; a hydraulic port in the
mandrel that is closed to mandrel internal pressure
when the downhole tool is runin the well and is

axtly esstauviedy ythe psdipe teléasisg tmérbers kelart;veato 3 () m;aﬂnd‘ngl to prevent

veable in re se to. na
rolfide &L BTl PRBEHn T e R Ackicech el posiion when

théltco? RgRGEN teweNCX hpgraliBepest in BRMnbkdiehgiat M@é@mo rAhndrel
‘t he actuaH% |ston rel eases the- sllglfromt e
inte Bl FESS TR rEasY ”b"l)gPWf‘B?llet fé’%& Yhi §19 E’el“nariqwé? selectively

o \é’ﬁéa ‘to set the Hiib! lanf Héthgﬁﬁ velhie! QQ tHBr}ﬁandrel

di sengage t he funni ng to romt e down too
internal pragsurerappligd ttbeaughathebbydretlic eddtor disehga@eu rﬂﬂ@d@ckmg

m%bére g}mg ?w%‘Pé’é"m;} u&p%ﬁ’toéf thé a%ﬁfattba (p#?(?n YQ&] es the St“ﬁ efFOén the

cording to a er - asp nve ion,
redlqurcbamdtmi msﬂehhodebﬂweleﬂpkmﬂgmltl ip of a downhole

reduced dij ter. positiaon when unn| n E)
t oot Rudhds Shvares: & i PieBRaney SBenOsds ME i, Bt from
théuanhaermMe sb dghtathb Yuehihyassl hay Be $6tkicPOS itd tlﬁns@fﬁi:e while
support a od within a tubular 1n the well bore,

| fh%@%i‘h%lﬁﬁ‘@‘?l '%)ﬁ‘%)t\/[‘dh%@’eﬂ mandrel having a through

as \% I
oAU 1L W3 P L AR TEERET SRRl oo
of fagkirigea stimdf aldommhols tws in a ied weaddiapetsyi msrtgmafvhen runnlng

o 5. TP A RORBEL BRGS0y

out\fﬂtddohm;] seli laalmtk;@m apdssupport aviviodg w%hime:n@ubulae it dlod welldbore
I Nnt.o, the we ore, nlnga raull C ort C se
colPriRNG PraviaaCE drandiel iavingan et bRt agey oIy 3 slip

ref@@é,uh@m@n@érdraa@i@%tw%ymﬁ@ MdiirdI R8s IRUhbGaR8 rélative to

when the tool is to be set; and noving a piston in
the Q@@QF@ dotrgleagn dhe| sliph PEIMIRING s @;@Smgemamer afially repngacting

mé@ Péﬂgéé}ﬁ%'rﬁ?rﬂBéF td wﬁl e thﬁré i thd %%{ tf?emjeducmg

ease t I'p fromt uced Siti
dram@etﬁprSItIQn winde sennipgstheitodl. into the wéﬂhbgse a'atalmng tahleydrauhc

poi SR S PR A8 a5 P G Bl WRUGSYS il Siccivy

opéisiag rth@thydraulichssre iwhehether @it és tce baesdt; had trh@wiﬁg @upieton in

th d
reSp0087 076 TR0 HiEBR0Res5 4 ZPBiRILETBrei e TS ERES port to
unibtle tREAYERGS member driddWsigsse Ané Nipugbmlthd |réd{§‘r!eﬁal:l%meter
sequentially the primary conponents of a suitab
posifiereto W@M@é@thﬁﬁﬁhmﬂgltpﬂol Fi gure 2 ‘
| '#ﬁéﬁé‘éﬁ&‘ fuﬁ.’h%r %%Fd%és %%H%&va&ﬁ%e%%%e%%%{e@ﬁ@kgﬁon will

Vi ew 0 rel'easing mec sm gener a
bea:mnéflagmaeamgrom the following detailed description, wherein reference is

made to the figures in the accompanying drawings.
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Figure 3 illustrates the slip rel easing nechani sm
shown in Figure 2 after a collar is |lowered to open a
draulic port and raise a piston to diseng
W@%@ﬁ

PHEEcol | ar. Figure 4 shows t?fgr/ngpgmzsmz

rel easi ng mechani sm piston further raised to .10

BRIFH BESCRIPTIGN @K TREDRAWINGS. Figure 5 shows
the slip releasing piston fully stroked to rel ease

I
(N eiglRpahal Rripht 1 @ Mlrate\BqleRtalf 6 BREN Eorhpithents of a

from retrievab e port

Su'ﬂéé%”@% PahSarduliBA%dIE 15 ag; ust ab o "Ueeve and
L N e

the pi ston. WD 2008/ 076189PCT/ USZOO?/ 023792 DETAI LED
relgssiggrneshanrogepral:rrewn MVESHEVENTS Fi gure),

whi ch consists of Figures 1A-1G illustrates_one

enthiglirashillugifates thenglip releagiag meghanise slawn Fobigure 2 after a

i ncluding a running tool tieback | ocking nmechani sm 80
coliaFisg loveeréd)tp @pesi aphydeddiasporhasd malsg § isfon dold¥engage a

operatively 5 responsive to the upper C-ring seat
|oc|a|$g§emziry 110, packer setting lugs 180 (Figure 1C), a

I'iner hanger release assenbly. 170 operatively

r eFRQIIS| ¥ Shofst B Eﬁb"@éleﬁ%nﬁ%ﬂﬁeéﬁﬂsn@?ﬁ?ﬂh'tﬁrﬁﬁgﬂ %Iéié?i to

- 1D),” a cenenting bushing 1 (Figure and a bal |

rele%ggq&g&#é%gﬁﬁpg] ug rel ease assenbly 150 (Figure .

ustrates the packer 122 and Figure

no 0P8 B gl PR Pl B AR, B Bldec e

downlf!uoie por’hon o‘? tﬁeepc?ol anghoreg ?0 ﬁweV\ftebacL fon e retnevable portion
of the tool. |

Figure 6 is a cross-sectional view showing the connection between the
adjustable nut sleeve and the tieback pickup ring which causes-the tieback

pickup ring to move upward during further movement of the piston.
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To hang off a liner, the running tool 100 is
initially attached to the | ower end of a work string
and releasably connected to the liner hanger
‘”ﬂﬁ@@ﬂ‘iﬁb liner is suspended for |owering iR ?gu%wgmnymz

bore hole within the previously set casing 15 or

- DEFANLEED OESCRIPFHONIOF SRERERRED EMB@BIMENMS i n Figure

1A is supported about the running tool 100. The upper

endrigiiret Navitic BaRdise T TRy AES @A, ilkRfed BB Abodiment of
the running tool, provides for a casing tieback (not

ﬁﬁg suré ace. el}ttsgt):mgog{%qjdéé%hﬁ'ﬁ ﬁﬁmzlrn%grfglcmg
e e RN VASRTE NS S e

of the eback rece cI 102 i s co t ed
fesP%"%'YFe?‘bgbﬁ R ol S SRhAC 0 1920k SARRR T 100
gure 1E, whose funct| on will be described in
(FIQ%% &0t A dwemamw&l%a@fet ?ﬁ%@"@‘w 1/ OB%‘@WWEY éP%?RS\ﬁVethZhe
about an

lower C- -ring seat assembly (Flgure 1D), a cementing bushing 130 (Figure 1E),
‘and a ball diverter 140 and plug release assembly 150 (Figure 1G). Figure 1E

~ illustrates the packer 122 and Figure 1F iIIustrates the slip assembly 120, which

are not part of the runnirig tool retrieved to the surface, and remain downhole
with the set liner.

To hang off'a"lin'er, the running tool 100 is initially attached to the lower
end of a work string and releasably connected to the liner hanger, from which the

liner is suspended for lowering into the bore hole within the previously set casing

or liner C.

A tieback receptacle 102 as shown in Figure 1A is supported about the
running tool 100. The upper end of the tieback receptacle 102, upon removal of
the running tool, provides for a casing tiebacki (not shown) to subsequently
extend from its upper end to the surface. The tool 100 includes a central mandrel
104, which may comprise multiple connected sections_. with a central bore 106 in
the mandrel. The lower end of the tieback receptacle 102 is connected to the
packer élement pusher sleeve 121, as shown in Figure 1E, whose function will

be described in connection with the setting of the packer element 122 about an
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WD 2008/ 076189PCT/ US2007/ 023792 upper cone 124, as
wel |l as setting of the slips 126 about a | ower cone
128 (see Figure 1F). By incorporatin
W‘a%?ﬂéﬁlﬁ}f‘%vam e slick joint 132 (which mayg‘&{}USZ“‘”’“23792
functionally be an extension of the mandrel 104), the
upperoinegl 240ab wallyasbseting af the slipy dd6 @bout & tawerboromeki 28y(see
the seal provided by-the cenmenting bushing 130 (see
FighteOWre 1E). The running tool 100 al so includes a ball
diverter 140 (see Figure 1G at the |ower end of the .
"By Mol gétgth aRSIERbLUAKe RIS 138 QwRich \vhalRindtionally

retrieva re-st'abbabl e seal between the running

oo bR ESHRATE! IBTI SRRFENY 1,5 il mpre

itk e % 9a BT R PARY AR 150 488 Fhowre

revent premature actuation of the Ii anger or
1ER § I aR Y Flure 1G) at

Iiner h
ohR® SVRNIG teql 3HP0AIse ipclydss) 2 Rall djverter ﬁﬁﬂ (P
wel | . The | ocki ng mechani sm unl ocks the tieback 102 '
thet lower | 5w ofhdhel iupsing2®ol.oThe easperding burhind:t130epuides a
portion of the tool to be returned to the surface. 15
retfidvable apd meistdableubealsheiiveyn 206 rasnispdenl 1060 Rinduthesliner
1B, and nore particularly in Figure 2, is used to

harigeh aas@mblpdor fluig cirhuaatidperpuspogesf or setting, and
i ncludes a sleeve 112 disposed within and axially

NDVHGee1A €4i3d iiMBtratest BetidbdeR | IB&kik® And"RIHsHg Kikbhafism,
Cring ball seat 116 is supported on the sleeve 112.

whig RS i R 2 o g gl i ) 1 o et remature
2ol GE i iRoBLEE Bnb R ne A of e, BB ARTER, i e

v o S0 ) o A e
| ower position in the bore of the runni ng tool, e.g.,

setagdithe fetrienabia BRrtigh ehithecoohiode refiteed ipsthe surface.

The slip release subassembly 210 as shown in Figures 1B, and more
particularly in Figure 2, is used to release the liner hanger slip for setting, and
includes a sleeve 112 disposed. within and axially moveable relative to the
running tool mandrel 104. A C-ring ball seat 116 is supported on the sleeve 112.
A seal 115 is provided for sealing with the seated ball. A ball 118 may thus be
dropped from the surface intd the running tool bore 106 aﬁd onto the seat 116,
An increase in fluid pressure within the 'mandrel 104 above the seated ball will
shear the pins 114 and lower the ball seat 116 and sleeve 112 to a lower position

in the bore of the running tool, e.g., against the stop shoulder 108. Once the
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sleeve 112 is lowered, fluid pressure may

subsequently pass through ports 166 to stroke a

pi ston and thereby release the slips for subsequent

setting. Pi ston sl eeve 216 is di sposed about

and is axially noveable relative to mandrel 104. An

upper sealing ring 162 is disposed about a smaller

O D. of the 5 running tool nmandrel than is the | ower
sslabvand 12 iid hwidrdd | fuill prazsine anaubaiscguenty pass taobet ports 166
between themfor lifting the tieback receptacle 102

ffo0dfdkBe: piefont érR:ﬂth%PQW\*e'léhsE' th Vsﬁ’pslf%r by UEMP @éttlng

position for setting the sl |p or slip segnents 26.

connect the running tOOfﬁg re mntﬁﬂ#he surrou

rE i da Hb@rpe"%%%"@éﬁnﬁ%?é%é%f)@g?%%@aéﬁgt%ﬁiﬂ"%}%-& of the
e Ry oL R hihé'aé{efgﬂf%'aﬁriaﬁ@él%ﬁﬁmﬁé% an annular

end to raise the tieback receptacle 102, and als :
r@p§§urph@a§mtpe§sbefygen them forliing, i;hg t@)@cgﬁgg@ptaﬂe 102 from the
Figure IF is nmade up of arcuate slip segments 126 w
reasiiare ghowe HhnFigure: Al & @m LpPey pepitier dor setingetha alip or slip
slip body sleeve about the 15 | ower end of the liner
heeggeentari@tadoasenB6 forendciethec ommirn2 &ol Eaardrsl I@4 connect the
segnment 126 includes a relatively |ong tapered :
afugHmigetosl barehat fe $@esundindy p@asitesceithiesr Gicdethangat 116 and
an arcuate cone surface 125 nmounted on its inner side

fQeevd 1 ¢ Bee RAGAEERA incteade inoﬁ\%gs&@r’[ﬁrol%% th¥ts 166 will raise
mul tiple circunferentially spaced slip segnents are

Utfl@‘jp[st%ﬁcéleﬁf gtfgl %Wa A(F’ltnz?\{]egr‘t?ﬁﬁsthg?ﬁs’ﬂoﬂ%@&?e 316 causes its

In eac one

C- sl e 0

e BB e MR fipbab BRe e | iz g 548 52s.
theI|erwe s applied to the sli The

156 artha silic! Hbstawe i Biaure 4F s e B aquawe%"pp Segments 126
retract ed position, wherein their outer teeth 127 are
Srggglgg fWItS}Iﬁ pﬁ@ﬂ@&{pg@il@ spacad 4acesass In slip body sleeve about the
2008/ 076189PCT/ US2007/ 023792 upper position, wherein

thwes lsngs ofi 2i6e Himee hanged anst widiagent tw deweheopens28.2Bach slip
and into engagenent with the casing C

Segment 126 includes a relatively long tapered arcuate slip havmg teeth 127 on

Ports dieff QLoRd o4B iEhe Eeadam) agle relative to

its outer side and an arcuate cone surface 125 mounted on its inner side for
sliding engagement with lower cone 128. When multiple circumferentially spaced
slip segments are used, each of the multiple recesses may include a slot in each
side. Alrternativ-ely, a ohe piece C-slip may be used to replace the slip segments.
The teeth 127 are adapted to bite into the casing C as the liner weight is applied
{o the slip. The slips 126 are ihus movable vertically between a lower retracted

position, wherein their outer teeth 127 are spaced from the casing C, and an
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Fi gures 1E and 1F show the relationship of both the
packer elenment 122 and the circunferentially spaced
slips 126 about the upper 124 and | ower 128 5 cones,

Weays8witvel y. The annul ar packer el enent 12BC/ES2007/023792
di sposed about a downwardl y-enl arged upper cone 124

upmaAftidnt %e?&iﬁ hﬁé sip$ Y6 hhvd mavedd \F@ﬁé@lz Rl MRS codd 428

S orlglna y of a circunference in which its 0.0. is

™ E‘e pa%?%?"?e*enenﬁe?%ﬁﬂ%’?2%22356?2' a9 it is pushed

S BN it BT lion in 2F Barrtl, Mitket ey 22
anqb Sh'@%ﬁ@?&ﬂlﬁﬁ' RER%, piRR, 125 Thdf tgé%&é@%?ﬁ@%ﬁﬂ’eﬁdn

tool and the liner hanger for fluid circulatio

conggy pesrestivelyor The ariia pagker slemansd22 Js @'ﬁ@osed about a
cenenting operation. The cenenting bushing 130

downwpelyeardarged wppar cone JP#ckenesitihtthe pusher Aieayw 421 .alThe
movenent of the running tool without breaking the

packen kleptient i 1¢2ds loyiginadly o asricumderbosd imghichitis @dhds edduced
104 of the released running tool can be used to raise

and NGus epBEEd MTebnh UBBI Basidg .t Howausre theepddkes cl@Rehto 122 is
nmove in and unlock fromthe |iner hanger. The |iner

| r
o385 0115 RN ot SIS P76, b e

cas?rgggl S between a radially outward |iner running
adapter of the liner hanger and a radially inward

' urllnlglzjt?rg t1%0|gerrr1%rr]é1&elillustrates the cementing bushing 130. The
éementing bushing provides a fetrievable'and re-stabbable seal between the
runniﬁg tool and thé liner hanger for fluid circulation purposes priér to cementing,
and also for the cementing operation. The cementing bushing 130 cooperates
with the slick joint 132 to allow axial movement of the running tool without
breaking the seal provided by the cementing bushing. The mandrel 104 of the
released running tool can be used to raiserthe cementing bushing 130 to cause
the lugs 133 to mbve in and unlock from the liner hanger. The liner hanger 70 is
shown v@ith an annular groove 72 for receiving the iugs 133. The cementing
bushing 130 seals befween a radially outward liner running adapter of the liner

hanger and a radially inward running tool mandrel.
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Ratchet ring 136 is also shown in Figure 1E. This
ratchet ring allows the packer elenent 122 to be
pushed downward over the upper cone 124, then | ocks

WO PWSP®ERer el ement in its set position. The JaLREy0B72
el ement 122 may be set by using spring-biased pusher
C rp&tehét 301365 Reatkb 8Hb®N kCFigokd ¢R, TMiemtcstemhg allows the
upwardly out of the tieback receptacle 102, will be

pat{k%Fe %‘f’é’h%ﬂ 40 &N gg%ee@oaﬁﬁlﬁ\%‘rdt Sve?NBa AR &oheP1 2, then

t1 eback recept The rel eased running tool my
be, pi.Cc i ..t r setting subassenbly is
Ioc'fsewg\;’@gﬁ%r%Eﬁ"ﬁﬁynt'gp&gpegﬁ ‘i'eback receptacle, so that
th usher Cring,180 is raised to a position ahove, .
t he e Sl agamar ot SeSE e Sotbh Bk Al AR C-ring
outward. Wien the packer setting assenbly is ip this
180 {pRm IS AGH MhiTh, WISngRevaskYPUISNIOH Rb itesigbasy receptacle -
engagi n? the pusher CGring 180 to the top of the
102, ivab ek foroe tavaincexpanded Rosdies torengegekise tepeefdhe tieback
to begin its downward seal i ng sequence. When wei ght
receptaslet THewnleatédd neniiag thedl naydree picked up gintiBthet packenseting
this downward force through the tieback receptacle

subh8@erhblyti§ eerhbvatl bR the ieeuta fidBackardepthcls, §& thapdekpusher
el ement 122 (see Figure 1E). A sealing ring 182 is

C-rﬁgo’l’m) il iE a llodhRNVERIVet the tBp@f She SiBbAEK Eaceptacle and
aSsenbly and the tieback receptacle to aid in setting

exp{aﬂ%gt? at%]é\?{% ll'(]g ln q)gf\@'& it c?(%ln :éHfﬁlg pé%%ﬁﬂflf i€5 itﬁig;ex-géﬁded '

igure trates ‘t he upp

ortion of a clutc '
pofiinwaiprR inf i afRed 88 o7 Bab it Uk DUSPslKoliba,§F 1o g tor
1 owi ng axj al verment between the clutc the . .
of fhin itk J0%s wblR s norates D8 ARG AaNETn T45 th gl it
hanger. The central portion of the clutch 185 is
dowyivaid sealing sequence, Vﬁh%n weighhis\aet dewn dbp sxrpanded pusher C-
bi asi ng spring 184. WD 2008/ 076189PCT/ US2007/ 023792
ringTHR0 fransrits thiedowewpeiclore tbequghribe siebaciiepeplaciecif@do the
out of the polished bore receptacle, a trip ring nay
pushaapleboe d21 adndikRen thetpeker glosient 022 (sdedfigttect Hadksaling
setting assenbly is subsequently reinserted into the
ring? 982 $1eHoRNATIR Fig@ept @ Wetwedréhd pagker iseging hssceittypgad the
the top of the polished bore receptacle, and 5 the
tiebae _‘?Eéeﬁﬁélé'tﬁgai@'ih'é&tiﬂgstﬁéov\ﬁééldé%éwttmtm anhBlus pressure
pol i shed bore receptacle. en set down force is

ass .plfh%dl'om}eli]z;gﬁ'tﬁdgﬁpf i]:_@gréé‘ﬁ tbl illtﬁfﬁeiﬂfy @hpef. AdHGH Bt rgrbucf?l;/tch

0 canmm ng ntire .packer setting asse
168 TR 5.5 o S8 RS P R RARE RS Une
oo A PP e T G 4nF el rabii T b or
reengage the clutch from the hanger. The central portion of the clutch 185 is

shown in Figure 1D, and may move in response to biasing spring 184.
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10 receptacle, the radially outward biasing force of
the CGring will cause the Cring to engage the top of
the tieback. Further details regardi ng the packer
wepasHmpsassenbly are disclosed in U S Pat efffT/US2007/023792
6, 739, 398. The packer elenment 122 may be of a
CORRLIAEL HiB ha &f b@ﬁﬁg iRsénBly B3hovddoubobite: %gﬁhed

conprising an | nner netal "body for sliding over t

ord Bl 7 AT PgL 8005 £ oA L e e

f regilient sealin terial may be, mpunt.ed betwe
pacirc oGS Sosarb el SHRRHAUENfley PTEeREH TR 07 PETSHEL bore
mat eri al having substantial el astici.t 0 span the -
recepiacieuhiedap isenvil Ipngpge dhe m@a e iods %bgggﬁEﬁﬁp@'91 and
The packer setting assenbly thus allows the Gring to
the packessietling G-ringde pesitiprgsbwithip dke pplishegbose resapianie. When

mechanismto prevent the Gring fromnoving to its
set dawarfdee ip@ppliedthe Adp dng eulbswite addially, inwaird daeltowsmming
the packer setting assenbly to be pulled out of the

k actibh. ETHEMIre %elaérésatmﬁmehimgemiyttmmme fodleped tabottdre out on

Cring, and allows the | ockout nechanismto engage

a lolyaf ;)Rf&noéf th@‘?ur‘img%%g/ﬁ%tzeg %R%r fo initiating the cementing operation.

2003/ 076189PCT/ US
The next time the packer setting assembly is raised out of the polished bore

receptacle, the radially outward biasing force of the C-ring will cause the C-ring
to engage the top of the tieback. Further details regarding the packer seating
assembly are disclosed in U.S."Patent 6,739,398. |

The packer element 122 may be of a COnstruction as described in U.S.
Pat. No. 6,666,276, comprising an inner metal body for sliding over the-cone and
annular flanges or ribs which extend outwardly from the body to engage the
casing. Rings of resilient sealing material may be mounted between such ribs. -
The seal bodies may be forMed of a material having substantial elasticity to span
the annulus between the liner hanger and the casing C.

The packer setting assembly thus aI_Iows the C-ring to be locked in a
collapsed position by a locking mechanism to prevent the C-ring from moving .t‘o :
its expanded pos’ition.. As ‘discussed above, this allows the packer se”tting‘
aséembly to be pulled out of the tie back receptacle one time without releasing

the C-ring, and aliows the lockout mechanism to engage the top of the tie back
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receptacle for weight set dowmn. The next tinme the
packer assenbly is pulled out of the tie back
receptacle, the CGring is allowed to expand radially
WO ROMATAS or engagenent with the top of the RGTEUBAPR23792
receptacle. The Gring seat subassenbly 170 as shown
recl&zﬁtaEle%f FeiiRt 5BYddvh. STRE AERIRke IRNRAKEr ASRmp &Y %_ulled out
-ring seat” subassenbly 110 shown in Figure 18. The
- 1 0 U
of {hﬁ"ﬁr bSek FJ&P%%?&, the' @Eﬁ&?ﬁ%ﬂbv&&ptd éﬁ@ﬁl Fg%ﬁ%\eéiyed 7§rd for

he runni ng tool 'bore > ear Plns f 2
17 118 [
enéag%ﬁgif%ﬁiﬁéeﬁazﬁttazéfeelgﬁe&&ﬁ*acw- Figure 1B, S;ndal?mcg
on %o G-B08r St otubppeemaly 30,4% RROWToN &' 18 ERYebe

_the ball is seated on the | ower seat, a predeterim ned

disppsedshrneatinjhe Bprgibirag S69t sueassembis 118 shawa inngigure 1B.
the ball seat 176 and the sleeve 174 downward to

Thautewesr 3-ring sepbsubassEblyThi & isi sraveet withiprtbe supringdgol bore
nmove the piston sleeve 171 to rel ease the slip.

by shedreping HUR dSieees JTdahonpuppeats Ssataldbl | ok ball dd8gway first
the piston sleeve 177 to nove further upward and '

land BAtREYIpPesSNEade abSsHoe: in Fidlred B afll ohtethd ball Rakleased
i ner hanger. Assenbly 170 rel eases the retrievable

I
fror?%_éi ePkeh ﬁV\Fi[PQJndtéh B lolerse8d1¥® 4 EhSw fuﬂngure 1D.

rom t he downhol e portion of the tool and the se

Onfd B8 palHOBLRESN IS oA AInd froddife may be

runni ng too € ral se rom er anger,

2Rl Beioasfingela prd dnote e Al dsrt oS;ahdfie Sidte 174

downwardly through the 20 tool. and upwardly within
doWTHETE R AR VBRI BA H 3 | KBP InTaessh prgsute May move the
~Figure 1D also illustrates a hydrostatic bal ance .
piston slasye1i7 togelagse dbe sy Hidhes iwddsesruse maydbsn treapplied
seal 193 to increase high reliability for the
to capse dhe @iston sideyeVig 71indmoge flrthet 3pwand aad dhereby [disengage
port 173 are thus subjected to WO

the 20018h@ Tl HORTIHEWSL 00SH HERGER 2ASsdosilp 70 adlbgysdshibe setievable
. fluid pressure on both sides of the seals, thereby

porféiafeNBoPRSAidt@ed to thteswtReviond fite dbwahdle pbRiol ¢fahe
illustrates Cring 178 for gripping the |iner hanger

oo PRSI Moo s 3l 7, S 61
be TALELSHING the St UMRt Hank8P! blt" HiBri{BCsetting of the packer, thus
releasing the ball and permitting circulation of cement downwardiy through the
tool and upward iy within the annulus between the liner and casing.

Figure 1D also illustrates a hydfostatic balance piston 175 for balancing

fluid pressure across the seal 193 to increase high reliability for the operation of

sleeve 174. Seals 193 above and below port 173 are thus subjected to
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5 i ner hanger. Figure 1Gillustrates a | ower

portion of the tool, including a ball diverter 140

and a liner w per plug rel ease assenbly 150.
WQIWEHINS® 150 repl aces the need for shear sc?@VES¥%M”3”2

secure the liner wiper plug to the running tool. The

subistargiallp! Her sehewiuitnpleisgivee ot Cooth Eidest ofoniad Iseals, thereby
simlar to the plug release 10 assenbly disclosed in

' enﬂén‘é[ gP@ﬁé?Qﬁorﬁog thé: dedre JW' F@Q@@B%&tlf@ﬁ%t@@@tﬁﬂd Prsfor

etall ed herein may be functionally simlar to

: gn;ﬁ‘rf%ﬁgrgﬁ%?iﬁ@gg °‘gﬁ§7§gh§d§§1é§) & H?oﬁ/%ﬁtr'aﬂlaht EO?ItIOI‘I S0

thak {imay (BhcraBly ke, PETay RS0l Gopig8piizom the

i bal |- through seat 176. A drop in 15 pressure w ||
liner RaNg@k e that the ball has passed through the ball
seat, allow ng circulation through the running strin

g
t o Figwrei Hadlluskiates Adowan portign e the derldinglidingaa diajl diverter
into the ball diverter. Fluids are then circul ated
140 Bnd wglnarhwipeoplugaeiEase mgsermbiyntSWi Ihe aseemhly tneplaces
is then injected through the running tool, and a punp

thedwed fpi sigedriioRiwd fol $evure tHedinee wipsr plidh tRBFuemibgtool. The
the liner 20 wiper plug and forns a barrier to the

plugrwuémhawﬁl P Faues @@%nmmesuﬁmaplt@q&wng release
The slip or slips are kept -f rom

ass@ﬁﬁiﬁ?ﬁié&l%&% ?r?u:?.”lﬁat@ﬁ%é h§2114BNI R EBn_E H%g%Faﬁnons

run into t a 1ocking

meJé?%%gt"ﬁ%eMﬁak%@ﬁé'@@ﬂ"ﬁ?ﬁﬁy §§918>§9‘? ?gﬁﬁ opggtions
aisizedin b HealEpEl BPo AT AR 1 hg and thus %oth. .

the interior of the mandrel 104 cannot npyve th
rewe‘zag. argvaling the puer Lxring spal pyhasgemly, HQe{fse@ Ela@re 1D),
slip. The |l ocking sleeve or collar 220 with coll et

the pggator may lift up the tool to pass the ball through seat 176. A drop in

pressure will indicate that the *ballr has passed through' the ball éeat, allowing
circulation through the running string to continue, and the ball to be pumped
downwardly into the ball diverter. Fiuids are then circulated through the tool
awaiting cement displacement. Cement is then injected through the ruhning tool,
and a pump down plug (PDP) follows the cement. The PDP enters the liner
wiper hlug and forms a barrier to the previously dis-placed cement and-the
displacemént fluid.

The slip or slips are kept from prematurely setting as the running tool and

slip are run into the wellbore by a locking member. Figuré 2 shows the slip
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5 215 functions as a slip |locking device and is
designed to keep the piston 216 and the tieback
receptacle 102 from being able to nove up while

wWo s Teesot he tool into the hole, thereby kedfiTigsi@23792
slip fromprematurely rel easing and setting. Mre

reuéélerng; r‘ﬁglil?lirllé’m 2‘1?9m°thé°rHHf|r?F>g§‘¢|bﬁ' h¥eSRARe56 hRORDRLE by

: ext endi ng. downwa romthe upper col | ar
o BRI P S s
B o el Ry o ol hESIE Byt S

ti eback from novi ng down when the liner is pick

upwasd tgfglepsadon sligi n 'PPk'f‘ﬁ@'ﬁtqub%rcw'l@éﬁgot%”hﬁ%'@t heads
down it could set the packer. As long as the slip

215 fencticrisrap piskn bokingelevice andds desigrediiovaey the pﬂﬁﬁﬂﬂbakﬁ and
the | ocking collar 220, the slip 126 15 cannot

the tiebacisecapticket02 fFomeing2atile so nivews whidtelinhingdbe ol into
222 to prevent relatively |large objects and debris

thefrfowthér@wkeesng QNé sl foRoprentingreyr rRkRRing¥nd Betting. More
reli abI e operation-of the slip releasing nechanism -

| parf-glﬁa ltrbez ﬁ?\Fcqu@re"f\ﬂQllys | §av%ed 1 ﬁﬁﬁé@V @ra%iatd | ¥1410¥ending

 ands on’the seat 1 t her eby exposi ng

‘do%géraﬁdrﬁ tﬁgf f%@uéroba e éH “3‘%%' eﬁauiemeaasmnwaf&h fits

eaS|ng IS noved

g SR T 38l SR B Sy o
UPHREEEHP POCRILO! HEIoBck et | IMCURRASKIGORHR S 1 Shedisses the
tlebgzaélgfrlo% rtnlgangldloevnrvslhgnatsr’\lqu]e?:ssglglgedzulpe;fo(rséﬁs rele:alls%n s:ngc)a if the
tieback were {o move down it could set the packer. As long as the slip releasing
piston 216 does not move upward to unlock the locking collar 220, the slip 126
cannot release and set. Figure 2 als-,o.shows a debris cover 222 to prevent
relatively large objects and debris from traveling dc;wn the hole and.preventing'
the reliable operation of the slip releasing mechanism.

The ball seat 116 and sleeve 112 move axially down after a ball fands on

the seat 116, thereby exposing hydraulic ports 166 to the slip releasing piston

216. The slip releasing piston 216 thus is moved up in rés‘pons’e_ to pressure

~ within the mandrel, letting the collar 220 and collet heads unlock and move up to

allow the slip to move up and release from the mandrel. Once the collet heads

215 enter the groove 228 in the slip releasing piston 216 (see Figure 3), the
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WD 2008/ 076189PCT/ US2007/ 023792 | ocking collar 220 is

unl ocked and may continue to nove upward with the

slip releasing piston. Figure 4 illustrates the sl ig)
WO 088%14%g pi ston 216 nmoved upward to engageP@RUBHY/023792

surface of the collar 220 and pull up on the slip

lockind colidie2 B ahibedd and Reaysédilinuie t8xReRdupwarl with the slip
engagenment with the casing or other downhole 5

relettalggggjzﬁogo Figure 4ﬁh§stl’a‘?&§‘fh@%ﬁiﬁ§él’e§§in§%@st&rhﬂ% kRREeE Uphard

3 r$m noVvi Bg up a prematurely rel easing
t ' .
© dRBAE A2 Surdiitol MBS, 287 P RSl O BRCEH 1, rery

which in tumis attached to the.tie bars whi |
allogncaihe Sior vererdr nBendasemsp it AGe Rk fhsther downhole
rel easing piston 10 216 noves up after engagi ng
tubglar.| ar 220, it pushes the tieback pickup ring 212 up,
since Cring 212 is supported on a | ower end of_
t i eFheKoghiogepllan 2P thilskeens the Habacgk 02 fiamemoyieg up and
threaded at 225 to the collar 220. As the slip
premeturalyi redegsireg thie 26 1R6v eTheptieback 102 m@yr bedh@éded to a
the pickup ring noves into a groove 230 in the .

pushet Slasid whidneie \t@tadRéd to ek NQ8f whithtih eurhiiebttadheti(a the
thus 15 releasing the retrievable portion of the tool

tie b&RTWIER p%ptc{iﬁéﬁ@_awstté% 8f tHeslig. Opk - th&lip Releasing piston

novenent o e piston 216, the tieback pickup ring

o1 RGPS B BTGP0 AU b it g 212
o, 505 ELER2R2 5K ebiob 4 B B0 Bl A0 s

o rena doe e TG e T 23t a2 i

slips, once rel eased, _magebe_set by applying a .
releggingtriston A16vmpyer up withiee Codng 232.dBe pigkpdinggnoves into a
A releasing ring adjustnment nut 231 (see Figure 5) is
groove 3040 the releasingnsieeve 204, releasinmfrorhithe tiekacki He?. thus

sleeve is axially noveable at the surface then WO

rele20iNg/the GaiBiePAbIé PSR /¢faR8 T@R from the anchored portion of the tool.
During movement of the piston 216, the tieback pickup ring releasing sleeve 226
remains stationary with the mandrel 104. The tieback pickurp ring 212, which
acts as a releasing device, in furn pushes up the tieback 102 to set the slip.
Once the locking collar 220 is disengaged, the tieback 102 may move axially to
release the siip. In many applications, the slip or slips, once released, may be
set by applying a substantial weight to the tool to sei the slip.

- A releasing ring adjustment nut 231 (sée Figure 5) is threaded to the

mandrel 104, so that the releasing sleeve is axially moveable at the surface theh
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made stationary with the mandrel. Tieback pickup ring
adj ustment nut 224 is simlarly threaded to attach to
the collar 220, which is axially noveable with the

W(h09%/6161216 once rel eased. This all ows t he cRITEY20H{g3792
the tieback pickup ring adjustnent nut nove up in

ma&@%?ﬂiﬁﬁﬁryt RithNe nﬁéﬁdr@lf TleBask Ipmknslrm@samastm@u mt 524 is

to release the slip. Figure 5 shows t

sim lé Bpﬁl?%adaﬁcﬂguﬁtédpur ‘ ﬁé%oﬁﬁl S5 Gchich R %Hgs‘m?veable with the

ér upward novenent he slip

ol b6 2 W AHIGE PO S4B o

th || 220 and the adj 24
adl%f&f%eﬁf A AP B e gage 5 RveTient o8 45 1 Fgagn piston

ring 226, so that as the tieback pickup ring noves
216,tg releasqiha slipnap i nto a groove 230 on the tieback

pi ckup ring releasing sleeve 226. Rel easing sl eeve

226igure| @dehowswiher iehackepittkug ding @2 cupiPasesht waidhy is

spaced slats or fingers 232. Figure 5 shows the slip

accompistednby Pirdterrupwdrd ynotenen df thadlip heleasinp aidton 216, as
pi ckup ring fully disengaged. 15Figure 4 illustrates

expldifedPabaiet Wﬂwe%ﬁg r8l@4sing/istdn comtinudeso movelup, it pushes on

extendi ng slots 3 for receiving one of the

the %b af‘rtﬂfoeémfhbadd YstRBACRE Blaat thePhdjlidhaat ful22s Qﬁgédé@. the

ea5|n eev 226 ‘therein, and’a plurality of

tleb‘é{;]lf ?%Bjaﬂﬁg a:l!%é’ SPAGELshe g(%;)ﬁ?lg?%khﬁrnrgiﬁl%\/& 'ﬂghlt will

9 easi ng ring

snaeom?épilhea&é’éi 205901, BB RIS e, papee 22
Rel é;s&%églgggé %ag]pllt?ckl\gdo?mnn%vaor& et e {n?;l a%%scwc%m%eren}/aelly spaced
_s!ats or fingers 232. Figure 5 shows the slip reieasing piston fully stroked, and
the tieback pigk_up ring fully disengaged. |

Figure 4 illustrates the adjustment nut 224, which includes axial extending
slots 233 for receiving ohe of the circumferentially spaced slats or fingers 232 of
the releasing sleeve 226 the;ein, and a plurality of circumferenfially spaced
grooves 230 for receiving the C-shaped releasing ring 212 therein. During run in
of the tool, C-ring 212 is prevented from collapsing due to-engagement with the
exterior surface of the fower end of the releasing sleeve slatsr 232. When the
tieback and the tieback pickup ring are moved upward V:Iith the adjuétment nut by

the piston 216, normally collapsed C-ring 212 automatically retracts inward to

16



ti eback and the tieback pickup ring are noved upward
Wi th the adjustnent nut by the piston 216, normally
coll apsed C-ring 212 automatically retracts inward to
WNB020B8Y9076189PCT/ US2007/ 023792 rel ease t hePGT/@FaI023792
102, and thereby rel ease the anchored portion of the

relééé@rlhé‘ Beb AN 147, ‘HﬁhttH&eBQ ?éléé’s!é the d@t@hb@ﬁrﬂcﬁﬂ&ﬂoﬁtﬁetmmmg '

surface. hose skil|l in the art wl

3 toorﬁ&b“:‘tﬁ% ﬁéﬁiohqgtbte ﬁleﬁéﬁ'ﬁﬁg shﬂ% i ncor por at _es a

10

15

20

evice | rom rel easi ng and
P aRIEAH the, ”@g@“@%@?fwfﬁ %%Ftv%"rahﬁ%ﬁ thipggpporates a
Ioc%ﬁéf‘q%&?c& fa K teé‘p?rtﬁr §i Fom BEasiaass f‘pé%mp r& éeie” while

the slip. The locking collar 220 and C-r
tripping intpithe wedboise Kuidinresause withinithe ggk ﬁtfingnmf@ﬂwo“ the dril
after the ball is dropped and |ands on the ball seat

strisg arrmdal tforeehekested oo the dill 58 will ot inadvedentty release the
pressure be applied to push the slip 10 rel easing

slippi Rieolocking cAlart 260 and Caningndl2keepihei dlipurBtookleedain its run in
| ocking collar 220. Further upward novenent of the

positiott 00nRL&ftéeiheasabistdiepsed Bnd 2hdenéh #id bhll bust &ethat the
nmovenent di sengages -the tieback pickup ring 212, '

hydvéu|@h?éw'1%%kfs BP@néerfsh St ?es’suramb@gam{eal @Npeh tRE siip

too romthe slip release |ston and
0
el PERC e o1 Y s Blsti Bp3eS B ol 2 18u4GHh LRk 220,
ack t he b
FureE RPiid evementobemitpi e Hetds e p qé@ﬁf“ﬁﬁﬁ@wef
upward novenent of a slip relea pi S
moxﬁm%wi%mqspémt@m@ Pﬁ@pffmrﬂ% gvhe%wﬁ 439 retrievable
" thereby unl ocki ng the ti eback fromthe running tool.
runming p@lrﬁlqm ofshe fieeldioy thel shingelgass pistosr andaiedates gompppents.
rel easing assenbly is disengaged fromthe l|iner .
hafgavel of the piston 216 will push up on the tieback pickup ring 212, which
picks up-the tieback, which in turn picks up the tie bars which pick up the slip 126
to release the slip. Continued upward movement of a slip releasing piston will
unlock the pickup ring 212 from the tieback 102, thereby unlocking the tieback
from the running tool. The slip is thereby released and set, and the slip releasing
assembly is disengaged from the liner hanger.
If the slips aré circumferentially spaced, the reaction of the sli'p moving up
the cone creates hoop loading to cause lower and more uniform stress in the

casing and liner hanger. The loads are transferred circumferentially, rather than

radially inwardly, thereby preventing hanger collapse and burst of the casing.
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201f the slips are circunferentially spaced, the
reaction of the slip-noving up the cone creates hoop
'oading to cause |l ower and nore uniformstress in the
we298/0$i%nd | i ner hanger. The | oads are trankfEY§28Y/023792
circunferentially, rather than radially inwardly,

o U AR PRl Bt ke b

e"‘%"%ﬁ%%%?%ﬁﬁ?ghQ%@é‘ﬁ@&%‘ﬁ%ﬁf&@%ﬁ AR fof 1 S
[ dl . : .Sy .

| A Eriye s ss R Eer " BRraly shal gl @ o
e R R e A

recess receives and retains the lower end of the slip

‘Thenresass nedeivescant reteing dhe lower iepd. of tosslie when dn itp €osiragied

is pulled upwardly by raising of the tie bar or slat,
positive. Howevee s thé dipds plilgd inpwandivi lydraising of thehtie bacessat,
and the slip is permtted to expand outwardly agai nst
thetibwerc&sd Bfthd §lip kepuledpout ©f sheCredespentdsthe slipiis peemsitted to
the ability to contract and expand -

expand outwardly against the casing.

If the slip is a C-shaped slip, it has the ability to contract and expand

between a contracted run-in position, and its extended or maximurm expansion

‘position. This maximum expansion position preferably is the as-fabricated or as-

machined position for th;_e slip. Thus, the slip may be designed so as to approach
this expandéd position as the slips expand outwardlj into engagement with the
casing. _

Those skilled in the art will appreciate that the slip releasing mechanism
as disclosed herein may release a single slip which is set to anchor the tool in
the downhole tubular, or may release a plurality __ of axially spaced and/or
circumfereﬁtially spaced slips to similarly set the tool in the downhole tubular.
Also, the releasing mechanism could be employled to release other components
of the downhole tool which are moved radially outward to engage the downhole
tubular, such as a packer, although prémature setting of a downhole tool slip is a
more significant problem than premature setting of a packer, since a prematurely

set packer may not prevent axial movement of the downhole tool.
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10 between a contracted run-in position, and its
extended or nmaxinum expansion position. This maxinum
expansi on position preferably is the as-fabricated or
wWAgmaened position for the slip. Thus, tRCEYS2HPIARS2
be designed so as to approach this expanded position

as TaetethhiRBe S XPaRE medamrifiahtion tde WWWeW duted for

the casing. 15Those skilled in the art w |

pre@}ﬁirngcch@é? rﬁ&ﬁl;e tdiGasd 6f%llg§ Eﬁ@%&ﬂeﬁ%ﬂh@ﬁé@l@s@ﬁﬁgio‘i slips

osé ere n may rele
o LR el ;zpfwg?ﬁ'éo“% ses%@'@bge\a% By seting
or e R B S b Ve MR 458, AfPoter

mechani sm coul d be enpl oyed to reI ease ot her
dowrdwpsoloelst s 20 of the downhol e tool which are noved
radially outward to engage the downhol e tubul ar; such
as As disclesed hereir dley hy@aahmpqmeasieomnﬂgi lofreap@rmrmca Ball
tool slip is a nore significant problemthan
landing BRtaIs@ats @hichrtgew hifts tlae bell sest dovewarg te erpesecthg ports.
set packer may not prevent axial novenent of the

Varﬁ)%‘é"“ti?@éseoit Q84ure AR AMA 1RAS DBAT MdP2ROULL R Wis purpose,

The chni ques of the present invention are

mclﬁéﬁr-é éﬁ@ ar'fés&ﬁl he IIt Ry ggrei%?‘dﬁfﬁrﬂnﬁﬁlet SethB' IR

ps a the desired reliable setting o

o ROl B e, i
é%ngogé%m

downhql e pac hol e, val ve rrultl aterna
preRiis EboAAG: fibred SahaT 25, nsote Mbve! I Rle
herei-n, the hydraulic ports ar e o%ene)g I n response to
upwargha byt jm Siheigemhodimesty theysdomnhplee tpok omroneRts gaylg be
seat downward-to expose the ports. Various types of
arraniged iacethad dhie bighopressurenaboveathe clorgd srat pasges dhrough dhe
pur pose, including plugs. If used, the ball may be
hydeaulib gortde fpusimiiie piston ddveveardf wiialy then dauseadtentdlgase of the
expanded to allow the ball to ultimtely pass through

focK. iy stilaitherdrabedlinents) bassiusfeaxidlly\wpatée phigese dakveaimay be
may be used to nove the rel easing piston upward, but

positidn8d NdndE tHROShIEEHK tfﬁetrhﬁn@l@l/wﬂh@' Frebaszed QHRORRIHsEd within

coul d be "arranged so that the high pressure above the
the PR RS ThigBRf T R Al REERC I cact or

S th h a ‘preferred embodiment, the same piston is used to move axially to
unlock the locking member, and continues to move axially to move the releasing
ring and the tieback axially, and finally releases the releasing ring from the
tieback when the slip is eet. In other embodiments, more than one piston could

be used for achieving these purposes. It should be understood that the increase

in pressure above the seated ball may accomplish each of these tasks in a
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15 lock. In still other enbodi nents, a pair of
axi ally spaced plugs or valves nmay be positioned
al ong the bore of the mandrel, and pressurized gas
wo ehease® W thin the bore to pass through theTws2067/023792
hydraulic port and actuate the piston. In a

referre the s I.ston i's used t0 no
sudzzRaifs PO %e@r}‘e Phiefeg.; AJEBIREY. PieatEofye s R be
to nove axi all nmove the rel easing %0 r|n and t he
incraaspd @eous ithe ﬁ%teamllﬁ%ﬁm Wr@i’f’@a%%sa irsE Pres é&esisr*r&ed to
ring fromthe tieback when the slip is set. In other
unleci i loeking merober, aRdm wRvendiniahen PERRSUE isdher eged & move
achi eving these purposes. It shoul d be understood
thet tefdasirye ring andaiebdok ypveard ytrenali alesirethea ssill tldghasgpressure
may acconplish each of these tasks in a WO
usetRFHhEHAhRANE YL He2R DAk RUMCRE Sétvievatiie pbaiohldf the tool.
short tinefranne. Alternatively, pressure |evels

CO%@di@e:og@@ heAHeth ahIRY ﬁnéchﬁn@ﬁﬁ’b%eb% locﬁ%nﬁ@bse(ﬁﬁnt!y :

exarrp e, first pressure is used to unlock t
AR A Sl G g

emh@@ﬁﬁlﬁft cgl ?'Iyr ?@%’a m%é’l dfrﬂ%n i gﬁ%\cﬂhﬁﬁ@'ﬁ: %gd uéfdthgocmm
meRGATIHR, 1 UBIGER e DIRarr U S S6EUBPISeroBIh a1, which

subsequent|ly rel ease of the slips once the piston ha

- similgrhe ditaithin 9 arpewd & jackithe leckieg 6skal tenthednaadre! unﬂ “the

ot her enbodi nents, the function served by the collet -
gromee liarthe miston uis| Digked hwiths thiep €-ring kal r¢ease dunpbliariieem the

with a Gring, which 10 simlarly fits wthin a
magdrehvAlsopal( kg bhefetabbkis nged dd Fedeadeatht tiebasknitioralthe portion

until the groove in the piston is aligned with the

of lﬁerﬁuﬁﬁlnb%bleioeﬁé fetfibed; Aithatgh BasBlihmedRasis®l coull Be used
Cring preferably is used to rel ease the tieback from

;auﬁ} g;%tg ﬁﬁ%@cfrtﬁilgep ng tool to be retrieved,

| et rrec ani sm coul d be used rat her t han

2 nb%flggﬁlfe?érrédj SmBUGRRSR FOMN | GeliA! SR have been

present 1 nvention have
illustrated in detail, it is apparent that modification and adaptations of the

preferred embodiments will occur to those skilled in the art. However, it is to be

expressly understood that such modifications and adaptations are within the

spirit and scope of the present invention as set forth in the following claims.
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illustrated in detail, it is apparent that
nodi fi cati on and adaptations of the preferred
enbodi nents will occur to those skilled in the art.
However, it is to be expressly understood that such
nodi fications and adaptations are within the spirit
and scope of the present invention as set forth in
the following claims. WHAT IS CLAIMED IS - 1.
A running tool for releasing a slip to secure a body
to be supported in a well by the slip and for
\NHATISKE#@WEDM@ the premature actuation of the slip,
conpri si ng: a tool mandrel having a port
Tor oviAdiungingsitedl dorgeleasing ezl dhsenurane adwator kgnsiinrgried in a well by
string in fluid conmunication with an interior of the
the slip anhfdy Reveniing &he riematire aguaiogobine slip, compEsifg: ock| ng
menber for closing off the port when the tool is
3 tpot manefiel havingriy w@ pr%ﬁlr@cﬂq% EPYMBNEAtion é’ef"‘F?@“p?o‘i”f‘"'(‘S string in
set the slip; slip releasing menber radially
fluid congyrigatian ¥ith @A dnteras of '@e el gpd AN ?dﬁ?ﬂ?&tﬂ'i‘“}’ eI ative
to the mandrel to release the s . .
ArblpgRG (oack a0 PgER el TR PoRHENE] g e st haNpaR. and for
rel atlve to the ndrel to prevent relative axia
selectively, grafing thg port FPes%rrﬁ"fepS“PeI easi ng menber and t her eby

eve[gtalBlgg ngnﬁg?r 5E|1c{ @Iy E: fe r%%]n%&r?ﬁl/ 88 tax FSEIAOQ%JQ Mative tq
he runni ng tooI is run in the well; and

the ma“arr?g%égtelﬁ]%? F‘ﬁﬁ‘ 'Bi ston axially moveabl e wi th respect to
{
qlﬁcé‘ m%%ﬁp‘nﬁ%ﬂ%l: ﬁﬁa[m %ﬁr{ﬁetpgglr re Qﬁéh%rﬁ'&atﬂ)ests gndrel to

to set In
prevent }Q%étlvﬁ éag(la!:rg%cerrﬁesr}tﬁg {hlé'ylb MedsHy mé}ﬁbg’%fnh [B‘r:é#eﬂy"brglé"klﬂa dremature

- setting of the slip, the locking member being axially securable relative to the mandrel when the

running tool is rljn in the well; and
the actuating piston axially moveable with respect o the tool mandrel when the port is

opened to disengage the locking member and release the slip to set in the well.

2. A running tool as defined in Claim 1, further comprising:
the actuating piston engaging the locking member and moving the locking member

axially relative to the mandrel to release the slip.

3. A running tool as defined in Claims 1 or 2, further comprising:

a connecting ring for axially securing the running tool to the supported body; and
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the actuating piston engaging the I ocking nenber and
nmovi ng the | ocking nenber axially relative to the
mandrel to release the slip. 3. Arunning tool as
defined in Cainms 1 or 2, further conprising: a
connecting ring for axially securing the running too
to the supported body; and the actuating
pi ston noving one of the |ocking nenber and a recess
relative to the other of the |ocking nenber and the
recess to release the running tool fromthe supported
thedytuating piston mévind onamhthedodkngimarsbed endl aecasa raiiperie the other
3, wherein the connecting ring is noved by the

of the loakitg ateimbgr gidsthe neaees &t elease theaurtingieel from thesenipritsd body.
the running tool fromthe supported body. 5.
A running tool as defined in any one of the preceding
Clainms 4, wherein the Iocklng menber includes a
f.ockimgmeoltent agidefined ip Claim |3 whergh toe F%ﬂ?ﬁ@géﬁtgl lamoyed by the
secured coll et heads to | ock the |ocking

actuating jpistoresletes to a groove to disengaga fRarrgingden! ffa@ ta%ﬁw?P@&eﬁi Rody.
any one of Clains 1-4, wherein the | ocking nenber
includes a locking collar radially exterior of the
t ool pandrel and aX|aII secured %o t he too

Hhen ftﬁwnmphas di ?ﬂynO'?%Oft B RIgpdings bighind. Wherein the
locking ﬁrgq%@eg%q LHPJD es e @gxclf ag ﬁlg @ ?y ofe :lzlgctul'n eerert1t(|)ali§ hsecured collet

heads to lock the locking member to the mandrel.

6. A running tool as defined in any one of Claims 1-4, wherein the locking member
"includes a locking collar radially exterior of the tool mandrel and axially secured to the tool
mandrel when the running tool is run in the well, and the locking member is axially moveable

relative to the mandrel in response to the piston.
7. A ruhning tool as defined in Claim 3, wherein the connecting ring is axially moved

by further movement of the piston to disengage the running tool from the supported body, and

the piston engages the locking member to axially move a locking collar and a releasing device.
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7. Arunning tool as defined in Claim3, wherein the
connecting ring is axially noved by further novenent
of the piston to disengage the running tool fromthe
supported body, and the piston engages the | ocking
menber to axially nove a | ocking collar and a
rel easi ng devi ce. 8. A running tool as
defined in Caim?7, wherein an axial interconnection
bet ween the | ocking menber and connecting ring is
through a rel easi ng device adjustnent nut axially
. secured to the locking collar and selectively
noveabl e at the surface to position the connectin
&.i ng A elrairigviecltas ddfived up@tarm ddwhergip, an axial intercgnnegtion between
running tool as defined in Caim8, wherein the
the lockingnme@bemend Fageringaing. isi thigugiv si refeasied daien aﬁuament nut axially
groove in the supported body when the running too
securedam v Wik )o6 268 Falvetively SRS Bl (e P ip 29U fheregnnecting
groove aX|aIIy secured to the mandrel to rel ease
ring re‘ai'Yféfortbﬁﬁ‘FRPQ“?%B? ¥romthe supported body. 10. .
A running toal as defined in Claim8, further
conpri si ng: a releasing sleeve aX|aIIy fixed

G nch i Poat Beinss B ATy 3§%ﬂﬂ§§gaaec?ng o s 2 C1ng
s SH3 \{ehﬁ%m%gsa%%b@vaw%'tﬁﬁg&ﬁlﬁﬁgﬁoisn%? e i
the wellg?n(f %oilag%sfi \é gcg?rgg\éo%xsqtlly e&frﬁéi' ttq the rﬁa%ltd"e\f % elé]égx, ?ﬁ{ u%nmg tocl

ocCKi
t he mandrel. - 12, A runnlng t ool
from the é"% r?ﬁ’cﬁbe 91 n any one of the preceding O ains,

wherein the | ocking nmenber includes circunferentially
spaced collet fingers each having a collet head at

e eNfinhf§i&Phs defined in Claim 8, further comprising:
a releasing sleeve axially fixed relative to the mandrel, the releasing sleeve including a

groove to receive the collapsed connecting ring.

11. A running tool as defined in any one of the preceding Claims, further comprising:
a locking device adjustment nut selectively moveable at the surface to position the

locking member within a groove in the mandrel.

12. A running tool as defined in any one of the preceding Claims, wherein the locking
member includes circumferentially spaced collet fingers each having a collet head at one end

thereof.
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13. A running tool for locking a slip in a reduced

di aneter position when running the tool into the well

and for selectively releasing the slip to nove

radially outward to a set position for suspending a

body supported by the slip in the well, conprising: a

mandr el having a through passage for fluid

comuni cation with an interior of a running string;

providing a slip releasing nenber radially outward of

the mandrel and axially novable relative to the

18andrAe funhing tedl éaxdeckingea Sipiip;a reduced dianaierkpasionwige running the

axially securing the slip releasing nenber relative N
tool intottice vtk anth faiselectivelypeleasing theesliatty weove xadially mydwaid i a geigposition

retain the slip in a reduced di aneter position when
for suspeiriing abbdy supported by thiglipelthe well, compasing;dr aul i ¢ port

in the mandrel that is closed to nandrel |nternal .

pmesdet kevingerthroneh gasgare fas figiggommunicghion with kinjgsior of a running

_ and is selectively opened to set the slip; an :

string; act uati ng pi ston noveable in response to nandrel

internal pressure applied through. t hydrayli c port
rreviding eryagelentieg m&?ﬁh@df?évrﬁéif“?ar%ﬁg&‘e ande gnggally movable
’ ~ novenent of the actuating piston releases the slip
relative forti@mandret WdBlERRP BP SRSt er position to set the slip in
the well . .14, A running tool as defined,i
RCERY T8 migh el SR b HBUERRTIRI BETPRETIEYE A fipgnandre to
I ston npves one of |l ocki ng.- nenper [ Q :
rovent P B B R o 25 SRR At gV Fgpen e o
, . glgoovlf to di sengage the running tool fromthe
s U INSpYBHt ed body. o | o
a hydraulic port in the mandrel that is closed to mandrel internal pressure when the
downhole tool is run in the well and is selectively opened to set the slip;
an actuating piston moveable in response to mandrel internal pressure applied through
the hydraulic port to disengage the locking member; and

further movement of the actuating piston releases the slip from the reduced diameter

position to set the slip in the well.

14.‘ A running tool as defined in Claim 13, wherein further movement of the actuating
piston moves one of a locking member and a groove relative to the other of the locking member

and the groove to disengage the running tbol from the supported body.
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15. A running tool as defined in Claim 14, wherein
the | ocking nenber is noved by the actuating piston
relative to a groove to di sengage the running too
fromthe supported body. 16. A running tool as
defined in Caim15, further conprising: a |ocking
ring adjustnment nut threaded to the | ocking nenber.
17. A running tool as defined in Claim 15, wherein
the | ocki ng menber includes a collar with a plurality
of circunferentially secured collet heads to |ock the -
1ckidgnniagited as glefitesl indiiaime14, wherein the lagkingangraberdel moved by
of locking a slip of a downhole tool in a reduced

the actudtirgpisten rqdniwe td agropkete disangpgrjthemenninggpolifigrothg syepqried body.
bore and 'selectively releasing the slip to nove
radially outward to a set p03|t|on and support a body
within a tubular in th conpri-si ng:
1 oviAliuwnging taphasidefine én/@i«’i@“ é5 tfwifb’u G Yage;
providing a slip releasin nenber radi al |y outward of
4 leekingting alusipent aut hreaded iR BBIckipg MamkeE t o t he
mandrel to release the slip; provi ding a
| ocki ng menber axially connecting t he slip rel easi ng

ﬁggg Hé‘%ﬂ‘tﬁgﬁ@tr%p %’glgg Enorgli?rf et h{a]%%{i'i dg’?k”@ [psr('sif)er includes a
coler wif] & SUtpl 4 L1 T R RN e od ieﬁ'gg'% K3 Tofie Rk et e

mandrevvellbore and sel ectively opening the hydraulic port
en the tool is to be set; and novi ng a
pi ston in response to mandrel i nter nal pressure
appl i ed through the hydraulic port to unlock the

dsock' %e%%b&fio%% L&l 5% &Jiﬁw%ie' Bof hAMddiCed GAHRES position

er positi ve t e set position.
when running the tool into a well bore and selectively releasing the slip to move radialty outward

to a set position and support a body within a tubular in the well bore, cemprising:
providing a mandrel having a through passage;
providing a siip releasing member radially outward of the mandrel and axially movable
relative to the mandrel to release the slip;
providing a Iocking member axially connecting the slip releasing member to the méndrel
for retaining the slip in the reducing diameter position while running the tool into the well bore;,
* retaining a hydraulic port closed within the mandrel as the tool is run into the wellbore

and selectively opening the hydraulic port when the tool is to be set; and
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19. A nethod as defined in Caim18, further

conpri si ng: di sengaging the retrievable
portion of the tool fromthe supported body in
response to piston novenent. 20. A nethod as

defined in Caim19, wherein the |ocking nenber
contracts into a groove axially secured to the
mandrel to release the retrievable portion of the
tool fromthe supported body. 21. A nethod as
defined in Caim20, further conprising: -
rasing b \piss@civrespgnse teeinaadrenigtesrhat pressure aphlednthrdgle the hydraulic
the rel easing sleeve including a recess for receiving
port to driheckl the kacking mesrhissr anbienlebse thesslip diohafheaddyrnedididnagter position to
22. A downhol e tool as defined in Claim18, wherein
move tofihesetgiosigora | ocki ng nenber conpri ses: axially
securing a | ocking nmenber within a groove in the
mandrel. to prevent axial novenment of the | ocking
menber prior to axial novenment of the piston; and
1% oviAlmagod as dafineedn Ripiy 18 oWENENEOMRESIPY St oNn t o
receive a portion of the Iockin? menber in response
disprgaging theptelinpble portioneof thastaghfromthe supneged Hadp k) response to
_ defined in Claim18, further conpri sing:
piston movement.

20. A method as defined in Claim 19, wherein the locking member contracts into a
groove axially secured to the mandrel fo release the retrievable portion of the tool from the

supported body.

21. A method as defined in Claim 20, further comprising:
“axially securing a releasing sleeve to the mandrel, the releasing sleeve including a

recess for receiving the locking member when in the collapsed position.

22. A downhole tool as defined in Claim 18, wherein providing a locking member
cComprises:

“axially securing a locking member within a groove in the mandrel to prevent axial
movement of the I'ockihg member prior to axial movement of the piston; and |

providing an unlocking groove in the piston to receive é portion of the locking member in

‘response to axial movement of the pistbn.
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providing a | ocking device adjustnment nut selectively
noveabl e at the surface relative to the mandrel to
position the | ocking nmenber within the groove in the
supported body. 24. A nethod as defined in Caim 21,
further conpri sing: provi di ng an adj ustabl e
nut for adjusting the axial position of the | ocking
nmenber relative to the recess in the rel easing

sl eeve. :

23. A method as defined in Claim 18, further comprising:

providing a locking device adjustment nut selectively moveable at the surface relative to

the mandrel to position the locking member within the groove in the su'pportéd body.
24. A method as defined in Claim 21, further comprising:

providing an adjustable nut for adjusting the axial positioni of the locking member relative

to the recess in the releasing sleeve.
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